Recent high resolution models consistently show that the global tropical cyclone (TC) frequency will decrease in the future due to global warming, while there is a large uncertainty in the projected regional TC frequency changes (Knutson et al. 2010). The mechanism of the changes in global and regional TC frequency is not yet fully understood, although some hypotheses are proposed. Sugi et al. (2002) suggested that the reduction of global TC frequency is closely related to a weakening of tropical circulation (upward mass flux). Emanuel et al. (2008) suggested that the reduction of global TC frequency is closely related to an increase in mid-troposphere saturation deficit.
Introduction
Recent high resolution models consistently show that the global tropical cyclone (TC) frequency will decrease in the future due to global warming, while there is a large uncertainty in the projected regional TC frequency changes (Knutson et al. 2010) . The mechanism of the changes in global and regional TC frequency is not yet fully understood, although some hypotheses are proposed. Sugi et al. (2002) suggested that the reduction of global TC frequency is closely related to a weakening of tropical circulation (upward mass flux). Emanuel et al. (2008) suggested that the reduction of global TC frequency is closely related to an increase in mid-troposphere saturation deficit.
Hypothesis
Previous studies proposed the following hypothesis (Table 1) as a mechanism of the global and regional TC frequency changes (Sugi et al. 2002 , Sugi and Yoshimura 2004 , Yoshimura and Sugi 2005 . We consider two effects: CO2 effect and SST effect. In the CO2 effect, the overlap of CO2 and water vapor long wave absorption bands is playing an important role. The atmospheric cooling will decrease due to the overlap effect when CO2 is increased, leading to a reduction of precipitation, upward mass flux and global TC frequency. On the other hand, in the SST effect the static stability change is playing an important role. From thermodynamic equation, we can derive the following relation between the rate of change in precipitation (P), upward mass flux (ω) and dry static stability (S):
When SST is increased, atmospheric temperature and moisture will increase, leading to an increase in precipitation. However, as the rate of increase in stability (S) is larger than that of precipitation (P), the upward mass flux (ω) in the tropics will decrease, leading to a decrease in global TC frequency.
Model and Experiment
In order to further clarify the mechanism of global and regional TC frequency changes due to global warming, five 25-year runs have been conducted using the MRI-AGCM3.2 at 60km resolution ( Fig.1) . For the present climate run (HPA run), observed sea surface temperature (SST) and atmospheric concentration of GHG including CO2 and aerosols are prescribed, while for the future climate run (HFA run), the CMIP3 mean SST anomaly is added to the observed SST and GHG and aerosols at the end of 21 st century of IPCC A1B scenario is prescribed. In addition, for the uniform SSTA run, uniform 1.83K (global mean of CMIP mean SSTA) is added to the present observed SST.
Results
Main results of this study are reported in Sugi et al. (2012) . The global TC frequency in HFA run is 25% less than that of HPA experiment, while the global TC frequencies in CO2F run and SSTF run are 9% and 18% less than that of HPA run, respectively. These results are basically consistent with previous studies Sugi, 2005, Held and Zhao 2011) , although the CO2 effect is smaller compared with the previous studies due to the effect of other GHG. It should be noted that the effect of other GHG is opposite to that of CO2, because atmospheric cooling generally increases when GHG is increased, but it decreases only when CO2 is increased due to the overlap effect of CO2 and water vapor. Figure 2 shows the uniform SSTA effect and non-uniform SSTA effect in the changes in TC frequencies. As indicated in Fig.2 , non-uniform SSTA does not change the global TC frequency, but it causes only a shift of active deep convection area and significantly affects the regional TC frequency changes. Figure 3 shows the CO2 effect and SST effect in the changes in TC frequency, precipitation, upward mass flux, vertical shear and saturation deficit. The effect of CO2 increase is to decrease precipitation, upward mass flux and TC frequency. On the other hand, the effect of SST increase is to increase precipitation but to decrease upward mass flux and TC frequency. Despite the opposite sign of the changes in precipitation, both CO2 effect and SST effect decrease upward mass flux and reduce TC frequency. We note, however, in some regions the SST effect on upward mass flux do not agree well with that on TC frequency. Such disagreement may be explained to some extent by the changes in vertical shear or saturation deficit in the SSTF run.
Summary
Global TC frequency reduction
• CO 2 effect and uniform SSTA effect are responsible for the reduction of global TC frequency in the future GHG warmed climate.
• CO 2 effect is a result of overlap effect of CO 2 and water vapor long wave absorption bands, while uniform SSTA effect is a result of increased dry static stability.
• Both CO 2 effect and uniform SSTA effect cause a reduction of upward mass flux, leading to the reduction of global TC frequency.
• Most important remaining question is how the reduction of upward mass flux causes the reduction of TC frequency.
Regional TC frequency change
• Non-uniform SSTA effect (effect of SSTA relative to the tropical mean SSTA) is mainly responsible for the regional TC frequency.
• Non-uniform SSTA effect causes shift of active convection area, leading to the shift of TC genesis area. It causes little change in global TC frequency. 
